The most massive star clusters include several generations of stars with a different chemical composition (mainly revealed by an Na-O anticorrelation) while low-mass star clusters appear to be chemically homogeneous. We are investigating the chemical composition of several clusters with masses of a few 10 4 M ⊙ to establish the lower mass limit for the multiple stellar population phenomenon. Using FLAMES@VLT spectra we determine abundances of Fe, O, Na, and several other elements (α, Fe-peak, and neutron-capture elements) in the old open cluster Berkeley 39. This is a massive open cluster: M ∼ 10 4 M ⊙ , approximately at the border between small globular clusters and large open clusters. Our sample size of about 30 stars is one of the largest studied for abundances in any open cluster to date, and will be useful to determine improved cluster parameters, such as age, distance, and reddening when coupled with precise, well-calibrated photometry. We find that Berkeley 39 is slightly metal-poor, <[Fe/H]> = −0.20, in agreement with previous studies of this cluster. More importantly, we do not detect any star-to-star variation in the abundances of Fe, O, and Na within quite stringent upper limits. The r.m.s. scatter is 0.04, 0.10, and 0.05 dex for Fe, O, and Na, respectively. This small spread can be entirely explained by the noise in the spectra and by uncertainties in the atmospheric parameters. We conclude that Berkeley 39 is a single-population cluster.
Introduction
Most, perhaps all, Galactic globular clusters (GCs) host multiple stellar populations that can be identified by variations of Na and O abundances (e.g, Carretta et al., 2010 , and references therein), which are anti-correlated with each other (see e.g., Gratton et al., 2004 Gratton et al., , 2012 , for recent reviews). On the other hand, Na-rich and O-poor stars that are common in GCs are rare among field stars (Carretta et al.) and are possibly absent from open clusters (OCs, see e.g., de Silva et al., 2009) . A similar result is obtained for other light elements, such as C and N, see e.g., Martell & Smith (2009) , Martell & Grebel (2010) . The onset of the mechanism that leads to the multiple stellar population phenomenon is tied to the dynamics of the star formation process and has in turn to depend on many variables such as age, metallicity, total mass, and probably also on the enSend offprint requests to: A. Bragaglia, angela.bragaglia@oabo.inaf.it ⋆ Based on observations collected at ESO telescopes under programme 386.B-0009 ⋆⋆ Tables 2 and 3 vironment (e.g., position in the Galaxy or in a smaller galaxy) where the cluster formed. According to Carretta et al. (2010) , however, there seems to be a minimum (present-day) threshold mass of about a few 10 4 M ⊙ , as shown in Fig. 1 (an updated version of the M V -age plot originally presented in Carretta et al. 2010) .
Unfortunately, few clusters with masses close to this threshold value have been surveyed extensively enough to show whether they really have Na and O abundance variations (see e.g., Carretta et al., 2010; Bragaglia, 2012) . Two GCs in this mass interval, Ter 7 and Pal 1 (Fig. 1 ) seem to lack these variations; however, only a handful of stars in each of them has been studied (Tautvaišienė et al., 2004; Sbordone et al., 2005 Sbordone et al., , 2007 Cohen, 2004) . Another case seems to be Rup 106 , at a higher present-day mass. A possible case for variations in the abundances of these elements has recently been made for the massive old open cluster NGC 6791 , but see the conflicting conclusion reached by our group, Bragaglia et al, in preparation) .
Observation of a larger sample of clusters is required, with the same kind of large samples we obtained for more than 20 GCs using the multi-object, high-resolution spectrograph Lata et al. 2002) . Finally, light blue crosses indicate several clusters that do not show evidence of Na-O anti-correlation: two GC members of Sagittarius dSph, one of the main body (Ter 7) and one of the stream (Pal 12); the new entry Rup 106; and two massive, old OCs, Be 39 and NGC 6791 (the latter indicated also in red, since its situation is still not completely assessed). Two orange, large circles indicate the other GCs of our project. Superimposed are lines of constant mass (light solid lines, see Bellazzini et al. 2008) .
FLAMES@VLT (see e.g., Carretta et al., 2009a,b) . We have started systematic observations of clusters in this transition region, including both the most massive metal-rich disc open clusters and the faint end of the mass distribution of metal-poor globular clusters. This approach may help to understand if the only factor at play is mass (remembering of course that M V measures the present-day mass, not directly the original one), or if other factors, such as the environment in which the clusters formed, have to be considered.
In this paper we present results for the OC Berkeley 39, an old (about 6 Gyr, Kassis et al. 1997 and Sect. 2.1) massive OC (M V = −4.28, Lata et al. 2002 , indicating a mass of ∼ 2 × 10 4 M ⊙ , see Fig. 1 ). Be 39 is located in the outer part of the disc, at about 11 kpc from the Galactic centre (see Friel et al., 2010) . Friel et al. determined the chemical composition of this cluster from high-resolution spectra of four red giants. These authors showed that this cluster is slightly metal-poor ([Fe/H]=−0.21±0.01), which agrees very well with the metallicities of other clusters at similar Galactocentric distances (see their Fig. 3 ). Friel et al. obtained very consistent results from their four stars. However, their sample is too small to exclude a significant spread in abundances in the cluster, as would be expected from the multiple population phenomenon. Extant photometric data are not sufficiently accurate to shed light on this question (see Sect. 2.1). Chemical inhomogenieties in Be 39 cannot be ruled out at present. Therefore we included Be 39 in our survey, and obtained abundances from high-resolution spectra for several tens of member stars, a substantial fraction of the evolved population of this cluster.
While the spectral regions of our data were optimised to discuss the Na-O anti-correlation, our spectra have a wider interest. Open clusters are good tracers of the properties of the disc of our Galaxy, see e.g., Friel (1995) ; Bragaglia & Tosi (2006) ; Yong et al. (2012) and references therein. Notwithstanding many observational efforts, only a fraction of the known Galactic OCs (about 2000, according to the catalogue in Dias et al., 2002 , and its updates) have been observed with high-resolution spectroscopy. Searching the literature, we found only about 80 with an age older than 100 Myr (see Sect. 4) and in general only a handful of stars were observed in each of them. If one aims to investigate the history of the Galactic disc (formation and evolution), the old clusters are very important; our observations provide further, improved information on one of the few very old OCs. The large sample of stars is also very useful, because it permits us to put stringent constraints to the internal abundance homogeneity, something that is relevant for the cluster formation mechanisms.
The paper is organized as follows: in §2 we present the basic data for this cluster, the selection of stars to be observed, and the observations themselves. In §3 we describe the analysis method; a critical point is the derivation of accurate atmospheric parameters. In §4 we present and discuss the results of our analysis. §5 contains the summary and conclusions.
Observations

Photometry and cluster parameters
Photometric observations for Be 39 have been used to study its variable stars and to determine the cluster parameters (see e.g., Kaluzny & Richtler, 1989; Kassis et al., 1997) ; a summary of past results can be found in Friel et al. (2010) . Of the publicly available optical photometry, Kaluzny & Richtler (1989) collected B, V data on a small field of view (4.5×7.2 arcmin 2 ) while Kassis et al. (1997) provided B, V, I photometry on a 14.7×14.7 arcmin 2 area, better suited to the FLAMES spectrograph field (25 ′ in diameter, Pasquini et al., 2002) . We obtained the two photometric catalogues through the database WEBDA 1 and used the second set to select our targets (see Fig. 2 ).
In our series of papers on the Na-O anti-correlation in GCs we used atmospheric parameters directly derived from the photometry, so we checked if it was possible to do the same for Be 39 as well. Unfortunately, the two photometric data sets are not identical; they show an average difference of −0.02 (rms=0.07) mag in V and +0.06 (rms=0.10) mag in B (in the sense Kassis et al. minus Kaluzny & Richtler) based (Kassis et al., 1997 ) with observed stars indicated by different symbols: UVES target (blue circles), GIRAFFE targets (orange squares for members, cyan triangles non-members), binaries (magenta stars). Right: CMD for the inner 3.5 arcmin, with observed member stars indicated by larger symbols and three isochrones shown. The parameters used for the fit are indicated.
on about 730 stars in common. This could seem a minor effect, but a difference of about 0.07-0.08 mag in B − V means a large difference in stellar effective temperatures in Be 39. Furthermore, the largest discrepancies between the two sets are found also among the brightest stars, especially the red giant branch (RGB) and red clump (RC) ones. We were unable to unequivocally establish which, if either, of the two photometric sets is the best calibrated, so we adopted the Kassis et al. (1997) one because it is available over a larger field of view. However, we manually adjusted a few values for stars that are radial-velocity (RV) members of the cluster but have magnitudes and colours that are discrepant from the evolutionary sequences (see Sect. 3.1) in one of the CMDs.
We also re-determined the cluster parameters, using the Padova isochrones (Marigo et al., 2008) retrieved from the interactive database http://stev.oapd.inaf.it/cgi-bin/cmd at the metallicity derived by Friel et al. (2010) , i.e., [Fe/H]=-0.20. Fig. 2 (right panel) shows the result; the age is between 5.5 and 7 Gyr, with a best-guess age of about 6 Gyr. The distance modulus is (m− M) 0 = 12.94, and the reddening is E(B−V) = 0.17, slightly higher than found in previous studies (but consistent, considering the relatively large uncertainties in the photometric data). These values were used to determine effective temperatures and surface gravities of the programme stars (Sect. 3.1). Note however from the figure that RGB stars do not define a narrow sequence; this could be partly because of undetected binaries, but could also indicate differential reddening and/or uncertain photometric values.
We could not locate Strömgren colours for Be 39, which could have been used to test the uni-or multi-population nature of the cluster, as discussed on empirical grounds by Carretta et al. (2011) and on theoretical ones by Sbordone et al. (2011) . The latter paper also considered the more usually available Johnson-Cousins bands; however, as we have noted, existing broadband photometry in those filters is not sufficiently precise for this goal.
FLAMES data
We obtained six exposures of Be 39 with the multi-object spectrograph FLAMES@VLT, as in our previous studies on the Na-O anti-correlations in clusters. The observations were obtained in service mode and were spaced in time (see Tab. 1) to search for RV variations that would indicate the presence of binary systems. We used the UVES 580nm setup (λλ ≃ 4800 − 6800 Å) and the GIRAFFE high-resolution grating HR13, which contains the [O i] line at 6300 Å and the Na i doublet at 6154-6160 Å.
We selected Be 39 candidates using available information on RV from Friel et al. (2002) and Friel et al. (2010) to help selecting only probable cluster members. All chosen targets are free from neighbours: they have no other stars closer than 3 ′′ (or 2 ′′ if they are at least 2 mag fainter than the desired candidates). As shown in Fig. 2 , we selected stars on the RC, or close to it, for the UVES fibres; only one configuration was prepared, so we have seven stars observed at high-resolution (R ≃ 45000), with the eighth fibre used for sky subtraction. The GIRAFFE fibres (at R ≃ 22500) were allocated to other RC and RGB objects and to stars on the subgiant branch (SGB) and the turn-off (TO) of the main sequence; 16 fibres were used for sky correction. For the SGB and TO stars the spectral region is not ideal, since the [O i] line is too weak to be measured. The Na i features of these stars still could be used to search for a possible Na abundance spread. However, the main targets of our observations are RGB and RC stars, for which Na and O can be measured; the most interesting information provided by fainter stars is their RV (i.e., membership). Information on all observed stars can be found in Tab. ??; we give the ID in the Kassis et al. (1997) catalogue, the ID in WEBDA, equatorial coordinates, V, B − V and V − I colours (with a flag indicating stars corrected as described above), and the heliocentric RV.
The spectra were reduced (bias and flat field corrected, 1-D extracted, and wavelength-calibrated) by the ESO personnel. We applied sky subtraction and division by an observed earlytype star (UVES) or a synthetic spectrum (computed at the GIRAFFE spectral resolution) to correct for telluric features near the [O i] line, using the IRAF 2 routine telluric. The latter correction was applied only to the UVES and bright GIRAFFE samples (RC, RGB stars), since this [O i] line is not usable in the warmer faint GIRAFFE stars (SGB and TO). We measured the individual RVs using rvidlines in IRAF and shifted all spectra to zero velocity before combining them. The UVES final spectra have signal-to-noise ratio (S/N) in the range 100-170. The S/N ratios (computed on small continuum regions) of GIRAFFE spectra of RC stars are in the range 150-210; of RGB stars are generally between 100 and 200, and those of SGB and TO stars are 25-70. Values for individual stars are listed in Tab. ??. A portion of the UVES spectra showing the Na i lines region is shown in Fig. 3 .
The cluster average RV was computed separately for UVES and GIRAFFE spectra. We found < RV UVES >= 57.35 (rms=0.85) km s −1 and < RV GIRAFFE >= 58.21 (rms=1.62) km s −1 . We assume that all stars within ±3σ from the average are cluster members, with some more dubious cases indicated in Tab. ??. Both these values compare well to RV=58.65 (rms=2.34) km s −1 (Friel et al., 2010) and RV=55.0 (rms=2.9) km s −1 (Frinchaboy et al., 2006) . Fig. 4 shows the RV distribution of our stars and compares it to the expected distribution of field star velocities, according to the Besançon model (Robin et al., 2003) . Be 39 stands out conspicuously and fewer than about ten field stars have RVs similar to the cluster one.
After pruning the sample using RVs we found a total of 67 possible single member stars. All seven UVES stars are RV members; of the GIRAFFE stars, 60 are possible members, eight are binary systems, and 43 are non-members. This is one of the largest sample of spectroscopically studied stars in OCs.
While measuring the RVs we found a few stars with discrepant values at different observation times, which is indicative of binary systems. On closer inspection, some of them also displayed changes in spectrum appearance; an example is shown in Fig. 5 . There is also a suggestion, combining our RVs with those of Friel et al. (2010) (see Sect. 4.2) , that one of the UVES and one of the GIRAFFE targets may be binary. If all these systems are members, this indicates a binary fraction of 10/75 or 13%. This is only a lower limit and it perfectly conforms to the fraction of binaries usually found in OCs from photometry (see e.g., Bragaglia & Tosi, 2006) . Fig. 3 . Portion of the UVES spectra in the Na i lines region; the two Na lines are indicated by the dotted lines. The normalised spectra are offset for clarity and are plotted in order of decreasing T eff , with the RGB star at the bottom. The Na and all other lines are practically identical in all stars, with only a small difference between the RGB and the RC ones. (Robin et al., 2003) in the direction of Be 39, on the same area of the Kassis et al. (1997) data and normalised to the number of our stars (filled, grey histogram). 
Analysis
Atmospheric parameters
For this cluster we cannot apply the same procedure as we adopted for the GC survey (Carretta et al., 2009a,b) . First, we saw that the photometry alone cannot guarantee atmospheric parameters with the required precision (at least, not for all stars). Second, we cannot use the IR K magnitude as we have previously done for other clusters to determine the temperature from the V − K colour. Our sample does not only include bright stars for which the 2MASS photometry would be precise enough, but also faint stars for which it would be unreliable. We could potentially infer false inhomogeneities were we to use this colour. On the other hand, B, V, and I photometry accurate enough (apart from the mismatches discussed in Sec. 2.1) is available for all targets. We therefore opted for temperatures derived from B − V and V − I as input values.
We used the reddening and distance modulus derived above, adopting E(V −I) = 1.3E(B−V), A V = 3.1E(B−V), and 4.75 as bolometric magnitude of the Sun. We used the colourtemperature relations of Ramírez & Meléndez (2005) to find T eff , and averaged the values obtained from B − V and V − I. The gravity was derived as in previous papers following the relations of Alonso et al. (1999) for the bolometric correction and a mass of 1.15 M ⊙ , as deduced from the isochrones. Average photometric T eff and log g values were computed, weighting more those obtained from the original colours than the "corrected" ones (see Sect. 2.1).
These T eff 's and log g's were used to derive first-pass iron abundances for all stars in our sample. The microturbulent velocities v t were obtained from the relation v t = −0.322 log g + 2.22 (Gratton et al. 1996) . Adopting this relation, only very weak trends in the relation between abundances from Fe neutral lines and expected line strength (see Magain, 1984) were apparent, with negligible effects on the abundances. We then computed the T eff and log g values required to satisfy the excitation and ionisation equilibria (we recall, however, that there are only three useful Fe ii lines in the GIRAFFE HR13 wavelength range). The final adopted parameters are the average of the spectroscopic and photometric ones. Metallicities for all stars were then obtained with model atmospheres interpolated in the Kurucz (1993) grid of model atmospheres (without convective overshooting) with atmospheric parameters whose abundance matches that derived from Fe i lines.
Temperature, gravity, microturbulent velocity, and Fe i and ii are given in Tab. ?? for the UVES and Giraffe bright sample (RGB and RC stars). The run of iron abundances with T eff and log g are shown in the upper panels of Fig. 6 . These abundances do not display any significant trends with T eff (left-hand panels) or log g (right-hand panels). The weak trend that is possibly presented by the lower gravity stars in the [Fe/H] i-log g plane is negligible in the context of the present paper and could be caused by a variety of sources, such as blends, continuum tracing, or inadequacy of the model atmospheres -all more noticeable at cooler temperatures. We note, however, that there seems to be a small offset between the mean iron abundances of UVES and GIRAFFE stars. This is most probably due to the combination of higher resolution (hence accuracy in equivalent width, EW, measurement, see next section) and higher S/N for the UVES spectra. It is not worrisome, but in the next sections we will keep separate abundances from the two samples.
The values for the SGB and TO stars have larger errors and larger scatter because of the low S/N combined with the warm temperatures and the larger errors in the photometry. Furthermore, we could not derive O abundances for the faint sample: the stars are too warm to measure the [O i] line, but not warm enough for the triplet at 6155-6158 Å. While we proceeded with a preliminary analysis also for the faint sample, we eventually decided to discard these stars and keep only the bright sample, for which our conclusions are sounder.
Equivalent widths, sensitivity, and errors
We measured EWs with the software package Rosa (Gratton, 1988) , as described in Bragaglia et al. (2001) . We adopted the same automatic procedure to define the local continuum around each line as in previous papers, but we did not correct the GIRAFFE EWs to the UVES system because we did not have any star in common. Small differences between the two sets of EWs related to the different resolution of the spectra may indeed exist, and explain the small differences in the abundances. The EWs of the member stars are made available only through the CDS.
To evaluate the sensitivity of the derived abundances to the adopted atmospheric parameters we repeated our abundance analysis by changing only one parameter each time. The amount of the variations in the atmospheric parameters and the resulting response in abundance changes of Fe, O, Na, and all elements measured (i.e., the sensitivities) are shown in Tab. 4. In the upper part of the same table we also give the error contributed by each parameter. The column labelled "total error" gives the total error expected from uncertainties in the atmospheric parameters and in the EWs, to be compared to the observed scatter in order to understand if we have a statistically significant variation in any of the elements. Note that for some elements (including Ca, V, and Ba) the observed scatter is larger than the observational errors. However, for various reasons errors may have been underestimated for these elements: T eff : The errors in T eff were derived by examining the rms of residuals along a quadratic log g − T eff relation for RGB stars (after eliminating RC stars). This residual is 29 K, so we assume an error of ±30 K.
log g: The error in log g is dominated by the errors in T eff (30 K, yielding an error of 0.006 dex) and in photometry (given all the uncertainties noted in Sec.2.1, we assumed 0.05 mag, yielding an error of 0.02 dex). This yields a total error of ±0.03 dex.
[A/H]: The error is not larger than the observed star-to-star scatter, i.e., ±0.04 dex.
v t : This is the dominant source of errors for iron. It was estimated by considering the star-to-star scatter of the trends of abundances with expected line strength: the error is 0.09 km/s. We assumed an error of ±0.10 km/s.
Results
Abundances of all elements were derived from EWs (and from synthetic spectra for O). Hyperfine splitting corrections were applied for Sc, V, and Mn. We used the same lines and line parameters as in the papers of the FLAMES GC survey (e.g., Carretta et al., 2009b) , originally from Gratton et al. (2003) .
Reference solar abundances are explicitly given in Tab. 5.
The average values for all elements measured are presented in Tab. 5, separately for the UVES and GIRAFFE samples, given the diversity of resolution, wavelength coverage, and number of lines available in the two cases. For UVES the average was derived from seven stars; for GIRAFFE it is typically derived from 21 stars. As stated above, only the brighter sample was considered. Furthermore, star 11 was always excluded because is more that 3σ away from the cluster average velocity and its approximately solar metallicity is clearly higher than that of the other stars of Be 39.
Be 39 clearly is a homogeneous cluster: the star-to-star scatter is always explained by the errors expected from uncertainties in atmospheric parameters and EWs (see Tabs. 4 and 5). In particular, we find a mean metallicity [Fe/H]=−0.23 (rms=0.04) from UVES and −0.18 (rms=0.06) from GIRAFFE spectra. This agrees very well with Friel et al. (2010) (see also Sect. 4.2). It is also in accord with metallicity expectations for clusters at Be 39's Galactocentric distance; the cluster lies at an R GC of about 11 kpc, where OCs generally have subsolar metallicity, as shown in Fig. 7 . Interestingly, its R GC is around the transition between inner and outer disc, where the metallicity gradient begins to flatten. This is a region where more clusters should be observed to better constrain the models of chemical evolution (e.g., Magrini et al., 2009; Friel et al., 2010) . For the figure we selected only clusters older than 100 Myr and with metallicity derived by high-resolution spectra; the sample contains 79 old OCs. The picture is quite clear; we caution, however, that the parameters (age, distance, metallicity) have not been put on a homogeneous scale since this would be a great effort, completely outside the goal of the present paper (see e.g., Yong et al. 2012 for a recent work on the abundances and trends in the outer disc.) We also confirm Friel et al.'s derivation of a mild overabundance of α-elements ([α/Fe] ≃ 0.1.) Elements Al, Ti ii, and Mn could only be measured in the UVES spectra. It is unfortunate that we could not measure Al also for the GIRAFFE sample, since it is involved in the light elements (anti-)correlations and may show also very strong star-to-star variations (see, e.g., Carretta et al., 2012 , for the GC NGC 6752). But the UVES results suggest that this is not the case for Be 39 (see Tab. 5).
Barium is the only neutron-capture element we measured. Its abundance was derived from three lines in the UVES spectra at 5853.69, 6141.75, and 6496.91 Å. These lines yield abundances that agree well, with a typical rms of 0.12 dex for any given star. The star-to-star variations (0.08 dex) are due to the uncertainties in atmospheric parameters, especially in T eff and v t . We have only a single Ba line (at 6141.75 Å) in the GIRAFFE spectra. There is an offset between the Ba abundances measured in the two types of spectra, which can be explained by differences in the EWs, however. The EWs of the 6141 Å are larger for GIRAFFE than for UVES stars of similar atmospheric parameters, most probably because of an unresolved blend with Ni i and Si i in the lower resolution spectra. The contaminant-line contributions to the GIRAFFE Ba lines seems confirmed by estimates of their fractions to the total EW of the blended Ba ii feature. Given the strength of the Ba ii lines, which are always saturated, Ba is a difficult element to measure. However, three stars of the faint sample (1082, 1357, and 2170) show a very high Ba abundance; all three have RVs compatible with cluster membership. The first is the most convincing case suggestive of an s-process-enriched "Barium star". Not only is its Ba line much stronger than in stars of similar atmospheric parameters and normal Ba abundance (see Fig. 8 ), it also shows a clear La ii line at 6320.4 Å, not detected in other, similar objects. Star 1082 is brighter than expected from a single star at the TO and could be a blue straggler; the high Ba could be due to mass transfer in a binary system. Since stars on the main sequence have only a tiny convective envelope, it does not need to have accreted a lot of mass to explain the higher Ba abundance; this would be possible even in a wide system and this would explain why its RV is not discrepant from the cluster' average value.
Na and O abundances
The main goal of our study was determining the Na and O abundances in Be 39 members to see whether they show an intrinsic star-to-star scatter or even an anti-correlation, the main spectroscopic signature of multiple populations in clusters.
We measured oxygen abundances from the [O i] line using spectrum synthesis. We considered the Ni i contamination of the line (see e.g., Carretta et al., 2007) , as well as the coupling of O and C expected in cool stars. The dissociation equilibrium was computed assuming [C/Fe]=-0.2 and [N/Fe]=0.5, which are typical values for red giants in old OCs (see Mikolaitis et al., 2012) . To estimate the sensitivity of our O abundances to this assumption, we note that they would be higher by ∼ 0.05 dex for RC stars and by 0.11 dex for stars at the tip of the RGB had we instead assumed [C/Fe]=0.
Only the Na doublet at 6154-6160 Å was used to measure sodium abundances since the Na D and 5686-5690 lines appear only in the UVES spectra and are too strong at this metallicity. These abundances were corrected for NLTE effects using the relation by Lind et al. (2011) 3 . We interpolated their corrections with the quadratic relation A NLT E − A LT E = −0.088 + 0.00076394 × EW − 0.0000144444 × EW 2 , valid for EW< 150 mÅ (that is, all Na lines in our stars). The [Na/Fe] ratios (see Tab. ??) were then computed assuming [Fe/H]=-0.23 for UVES stars and -0.18 for GIRAFFE stars.
Neither O nor Na abundances show any significant trend with T eff or log g (see lower panels of Fig. 6 ). As apparent from Fig. 9 and from the very small scatters associated both to the O and Na values (Tab. 5), Be 39 is very uniform in these elements as well. The star-to-star scatter is completely explained by the associated internal errors; the only effect mimicking a relation between O and Na is the small offset between the UVES and GIRAFFE samples. Even with all the caveats already presented, this is a solid result: Be 39 is a normal OC, without any signature of the Na-O anti-correlation, which is the typical "tag" for a genuine GC (Carretta et al., 2010) . Friel et al. (2010) observed two RC and two bright RGB stars using the echelle spectrograph on the KPNO 4m telescope. We give the data for the three objects in common with our study in Tab. 6; two of them were observed with UVES fibres, one with GIRAFFE. The resolution of their spectra is R ∼ 28000, intermediate between our GIRAFFE and UVES spectra, the wavelength coverage is λλ = 4800 − 8100 Å, and the S/N is always Kassis et al. 1997 , adopted as our ID) is probably a binary, combining their data and the RV measured by Frinchaboy et al. (2006) , differing by about 10 km s −1 . We do not see any strong indication of an RV change in our data, but the average RV is about 1.5 km s −1 lower than theirs. A similar behaviour is shown by star 1435/1139, again with our RV lower by about 6 km s −1 but no strong signature of RV variation (only one discrepant value in our six measures). We therefore define those two stars as probable binaries. Tab. 6 displays a direct comparison of the Friel et al. (2010) atmospheric parameters and ours; they generally agree well. We also compared our EWs with theirs; the agreement is excellent, with our EWs slightly smaller. We find EW UVES = 0.992(±0.019) × EW Friel − 3.86 mÅ (with rms=0.64 mÅ, over 102 lines) and EW GIRAFFE = 1.030(±0.046) × EW Friel − 1.1 mÅ (with rms=0.76 mÅ, over 26 lines).
Comparison with Friel et al. (2010)
A detailed comparison of the two analyses is beyond the scope of our paper. We only note that the derived abundances agree well (see Tab. 6), especially for iron and the α-elements. We also recall that we corrected the Na abundances for NLTE, while Friel and collaborators did not, since these corrections are small for such high-metallicity, warm stars. Finally, we do not provide here any comparison with the properties of other clusters, or discuss the radial abundance distribution. This is outside the main goal of our study; moreover, the abundances are so similar to those derived by Friel et al. (2010) that all considerations and conclusions of these authors apply.
Summary and conclusions
We presented the abundance analysis of the high mass, old OC Be 39. The high-resolution spectra of more than 100 stars, obtained with FLAMES@VLT, permitted us to isolate about 70 cluster members. With the advent of surveys targeting large numbers of stars in large and significant sets of clusters (e.g., the Gaia-ESO Survey, recently started on FLAMES@VLT, see Gilmore et al. 2012) , comparable samples will become more common, but this is presently the largest sample of stars in this particular cluster and one of the largest in general. The membership information was used to determine updated cluster parameters (age, reddening, and distance). About one half of the stars were analysed to determine metallicity and detailed elemental abundances. We confirmed the slightly sub-solar metallicity of Be 39 ([Fe/H]=−0.2) and the very small scatter around the average abundances for all elements measured (Fe, O, Na, Al, α-, iron-peak, and heavy elements). This is interesting also in the context of cluster and disc formation mechanisms and disc chemical evolution.
The observations were optimised to look in particular for possible star-to-star variations in O and Na, which are indicative of the existence of multiple populations in this cluster, in analogy to what is is found for the higher mass, older GCs. No such scatter or anti-correlation was found; and we conclude that Be 39 is a normal, homogeneous, single-population cluster.
